Some factors present in the starchy foods influence the rate at which the starch is hydrolysed and absorbed in vivo. In order to predict the physiological effects of starchy foods and to complement information of food composition database, the quantification and characterization of the various components in the starch fraction must be evaluated. The contents of total starch (TS), resistant starch (RS), digestible starch (DS), amylose and dietary fibre (DF) were evaluated in 11 starchy foods cooked and cooked/stored (À201C/30 daysFconventional and domestic storage). The in vitro starch hydrolysis, the hydrolysis index (HI), rapidly digestible starch (RDS) and slowly digestible starch (SDS) were also carried out with the same samples. These storage conditions increased the RS content and decreased the HI in all studied foods, and each food showed a specific behaviour in relation to each variable. The high concentration of amylose is not the only fact involved with the starch retrogradation and the formation of RS. Therefore, the complete characterization of the starch fraction of foods subjected to different ways of preparation and storage conditions should be included in the food composition database. The highly significant positive correlation observed between the HI and RDS (y=0.573xÀ16.671, r=0.907, Pr0.001, n=22) suggests that the RDS, expressed as dry weight, is an alternative device to predict the digestion of starchy foods.
INTRODUCTION
Most food composition databases show total carbohydrates data measured ''by difference''. However, due to the great number of physiological effects concerning different carbohydrates fractions and the sum of all the analytical errors found in this practice, it is important that those components be analysed separately (Asp, 1996; Monro and Burlingame, 1996) .
In reference to starch, it is known that this component has different fractions digested and absorbed at different rates in the human small intestine, producing varied glycemic responses (Jenkins et al., 1981; Danone, 2001) . Many intrinsic and extrinsic factors in starchy foods (dietary fibre, resistant starch, amylose, processing, storage and others) (Bjo¨rck, 1996; FAO/WHO, 1998; Lajolo et al., 2001) interfere in the digestion and absorption of starch and explain the foods ranking observed in the international glycemic index tables (FAO/WHO, 1998; Danone, 2001) . In parallel with this, it is worth emphasizing that storage, as well as domestic freezing, is used extensively by a great deal of the population, but the literature does not describe the amount and the digestion rate of starch in these storage conditions (Thompson, 2000) .
The starch may be classified according to its in vitro digestion into three kinds: rapidly digestible starch (RDS), slowly digestible starch (SDS) and resistant starch (RS), and this nutritional classification based on an in vitro measure is useful in predicting the likely glycemic response to foods .
As for the difficulty and cost of the glycemic index evaluation in human beings, studies about in vitro digestion of starch foods have been led in order to identify ways to predict these possible foods effects in vivo Bjo¨rck, 1996; Gon˜i et al., 1997) . proposed the utilization of rapidly digestible starch, expressed in foods as eaten, and Gon˜i et al. (1997) suggested the utilization of firstorder equation coming from in vitro kinetic of starch digestion of foods.
The present work intends to quantify and characterize the different starch fractions present in eleven Brazilian foods subjected to two kinds of processing (cooking, and cooking and storage under À201C/30 days), as well as to evaluate the in vitro starch hydrolysis profile.
MATERIAL AND METHODS

Samples
Eleven starchy foods usually consumed by the Brazilian population were tested: polished and whole rice from Supra Alimentos S.A.; corn meal (polenta), dried peas, dried lentils and dried chick-peas from Hikari Ind. Com. Ltda; beans from Broto Legal Com. Imp. Exp. Ltda; white spaghetti from Quaker Brasil Ltda; green corn, white bread and potatoes from the local market.
Food Preparation and Storage
The foods were cooked during enough time for consumption and without pressure. The cooking time of each food was the following: polished and whole rice (28 min), corn* (45 min), polenta (90 min), white spaghetti (20 min), potatoes (33 min), peas (30 min), beans* (36 min), lentils* (21 min) and chick-peas* (70 min). Foods identified with an asterisk were previously soaked in water at 41C during 18 h.
Part of the cooked foods, right after this procedure, was dried at 601C for 18 h, milled to a particle size of o0.250 mm and stored (at ambient temperature) until the analysis procedures, that means, for approximately 30 days (AFcooked samples). The white bread was subjected to the same process from the drying procedure. The rest of the cooked foods and the white bread were stored under À201C for 30 days. After this period the samples were thawed at ambient temperature, dried and milled as described above (BFcooked and stored samples). 
Methods
Total starch analysis. Total starch (TS) content was determined according to Gon˜i et al. (1997) . Samples (50 mg) were suspended in 2 m KOH to disperse starch and shaken at room temperature for 30 min. The samples were incubated (601C, 45 min, pH 4.75) with amyloglucosidase (1 mL (300 U/mL), Sigma A-7255) to hydrolyse starch. The free glucose was determined using glucose oxidase, peroxidase and ABTS assay (Bergmeyer and Bernet, 1974) . The total starch was calculated as glucose Â 0.9. The wheat starch (Sigma S-1514) was used as reference standard.
Resistant starch analysis. Resistant starch (RS) content was analysed using the methodology proposed by Gon˜i et al. (1996) . The main steps were: the samples were subjected to incubation (401C, 60 min, pH 1.5) with pepsin (0.1 mL (10 mg/mL), Sigma P-7012) to protein removal, incubation (371C, 16 h, pH 6.9) with a-amylase (1 mL (40 mg/mL), Sigma A-3176) to hydrolyse digestible starch, treatment of the residues with 2m KOH to solubilize RS, incubation (601C, 45 min, pH 4.75) with amyloglucosidase (80 mL (140 U/mL), Sigma A-7255) to hydrolyse the solubilized resistant starch, and determination of glucose as described in TS.
Digestible starch. Digestible starch (DS) value was calculated by the difference between TS and RS.
Dietary fibre analysis. Dietary fibre (DF) in cooked samples was analysed by enzymatic-gravimetric method of Prosky et al. (1988) .
Amylose analysis. Amylose analysis in raw isolated starch granules was analysed by differential scanning calorimetry (DSC) according to the method described by Mestres et al. (1996) . The starch granules were isolated from raw food samples.
In vitro kinetics of starch digestion, and rapidly and slowly digestible starch analysis. The in vitro rate of starch hydrolysis was measured according to a process previously described by Gon˜i et al. (1997) . Food samples (25 mg total starch portion) were incubated (401C, 60 min, pH 1.5) with pepsin (0.1 mL (1 g/10 mL), Sigma P-7012) and incubated (371C, pH 6.9) with a-amylase (1 mL (40 mg/mL), Sigma A-3176). Aliquots of 1 mL were taken every 30 min from 0 to 180 min. The aliquots were hydrolysed with amyloglucosidase as described in resistant starch analysis. The hydrolysis index (HI) was then calculated as the area under the hydrolysis curve (0-180 min) with the product, as a percentage of the corresponding area with the reference bread (white bread-A).
From the percentage of 30 and 60 min hydrolysed starch, the rapidly digestible starch (RDS) and slowly digestible starch (SDS) of each food were calculated, respectively. The content of RDS and SDS were expressed as dry weight and integral weight (in food as eaten) for comparison of results.
Statistics
Results were expressed by means of values7standard deviations of three separate determinations. Comparison of means was performed by one-way analysis of variance (ANOVA) followed by Tukey's multiple comparison tests using minitabWindows computer system, version 10.1, 1994. Beside this, linear regression and Pvalue for correlations were estimated using the Minitab-Windows.
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RESULTS AND DISCUSSION Table 1 shows the amount of total starch (TS), digestible starch (DS) and resistant starch (RS), expressed as dry weight, in 11 foods under two kinds of processing (AFcooked and BFcooked and stored under À201C/30 days), and the formation (%) of the resistant starch in stored foods. The percentage of RS formed in each food was calculated, considering the resistant starch of the related cooked food to be 100%.
The total starch (TS) of legumes ranged between 42.32% (beans) and 61.71% (peas). For other foods, the highest TS value observed ranged between 73.71% (polenta) and 87.36% (polished rice). It must be emphasized that in cooked legumes, only between 89 and 93% of their starch was digestible due to the presence of RS. For the legumes cooked and stored, the amount of digestible starch was even lower, about 83% for beans. The other foods showed the highest quantity of digestible starch (94-99% for cooked foods and 91-99% for cooked/ stored).
In relation to the resistant starch (RS), it could be observed that in cooked samples, cereals showed the lowest RS contents. The potatoes showed 3.38% of RS and the legumes showed the highest RS contents (5.86% for the chick-peas). This tendency was also present in the cooked and stored samples under À201C/30 days, except for the potatoes.
Several factors can explain the differences found in the RS quantities, as follows: botanical origin, starch nature (amylose/amylopectin ratio, interaction between starch/nutrients), food processing (starch gelatinization degree, particle size, cellular structure, kind of starch granules according to the structure (A, B or C)) and the presence of other components (lipids, protein, dietary fibre, antinutrients and organic acids) (Bjo¨rck, 1996; FAO/WHO, 1998; Lajolo et al., 2001) .
The reduced starch digestion in legumes can be explained through the intact structure of the cellular wall, entrapping the starch granules and hindering the solubilization and the complete gelatinization (Menezes and Lajolo, 1995; Bjo¨rck, 1996; Bravo et al., 1998) .
The amounts of soluble, insoluble and total dietary fibre in cooked foods, expressed as dry weight, are shown in Table 2 . The legumes showed the highest amounts of total dietary fibre (around 15% for the lentils), considering that the most part is represented by the insoluble fraction, and the cereals showed the lowest contents of total dietary fibre, around 3% for the white spaghetti. Bravo et al. (1999) observed that in legumes, most of the total dietary fibre was represented by insoluble fibre (16.13% for haricot bean and 26.23% for black gram expressed as dry weight) and the smallest part by soluble fibre (0.86% for horse gram and 4.69% for black gram).
A positive significant correlation was observed between the RS and total dietary fibre of foods subjected to cooking without storage (y=3.537xÀ2.849, r=0.805, Pr0.01, n=11). These results can be partially explained through intact cellular wall, mainly in legumes. Menezes and Lajolo (1995) , aiming to evaluate the influence of the dietary fibre on glycemic responses, made short-term tests with animals (rats) which had received beans subjected to different kinds of treatment (cooked bean, isolated starch of cooked bean with/without cellular wall and coat). The authors observed that the bean starch isolation promoted structural changes, making starch available to aamylase action. So, the animals that received the isolated starch of cooked bean, although with cellular wall and coat, showed high glycemic responses. Several authors concluded that dietary fibre, in relation to food structure, is a more 370 important entity than the quantity of naturally occurring dietary fibre (Bjo¨rck, 1996) .
These results show the importance of integrity of bean cellular wall and not only the presence of the dietary fibre. It is worth quoting that one kind of RS is the starch physiologically inaccessible (occurring mainly in partially ground grains, seeds and legumes), that consists of the starch trapped, hindering the total starch digestion.
In relation to RS formation in stored samples (Table 1) , a significant increase in the RS content was observed in all stored foods under À201C/30 days. It is in accordance with those observed in nine cooked beans cultivars stored in the same conditions during 7 and 30 days (Leite et al., in press ). The authors verified the increase from 9.19 to 30.87% in the RS, after a 7-day storage and from 10.49 to 35.12% after a 30-day storage. Concerning the different cultivars studied, eight out of nine cultivars in a 30-day storage had a significant increase in the RS, and only five out of nine cultivars had such increase in a 7-day storage.
The significant increase observed in the RS amounts of cooked and stored samples under À201C/30 days is partially due to the retrogradation of the gelatinized starch which can be intensified according to the storage conditions.
According to Sievert and Pomeranz (1989) , the amylose/amylopectin ratio is a remarkable factor in the starch retrogradation. During the starch retrogradation, a process of amylose and amylopectin chains reassociation occurs, leading to the formation of tightly packed structures and loss of water. The crystallization process CHARACTERIZATION OF DIETARY STARCHES of amylose molecules is facilitated because of its linear chain, while in the amylopectin, for its branched structure, this process is slower. So, foods with high amounts of amylose tend to show high RS contents. Sievert and Pomeranz (1989) observed that peas with 33% of amylose showed the highest amounts of RS (10.5%) and potatoes with 20% of amylose showed the lowest amounts of RS (4.4%).
The amylose quantities of native starch samples, expressed as dry weight, are present in Table 2 . The legumes showed the highest amylose contents around 28% and the cereals and potatoes showed contents around 23 and 16%, respectively.
Analysing all the foods, except for the potatoes, a positive significant correlation was observed between the RS of cooked foods and amylose (y=1.100x+22.10, r=0.631, Pr0.051, n=10). However, for foods cooked and stored under À201C/30 days, no correlation was observed. The potatoes were not included in this correlation analysis, as it showed a completely different figure from the other foods (16.73% of amylose and 3.38% of RS).
The white bread showed the lowest RS formation, with an increase of only 7.69% in a 30-day storage. The presence of other food components (lipids and protein) can interfere in the RS formation. The lipids affect the amylose re-association during the starch retrogradation and consequently, the RS formation. The lipids can complex with amylose during the starch gelatinization and the amylose-lipids complexes are more sensitive to enzymatic degradation than the amylose-amylose complexes (Eerlingen et al., 1994a) . Eerlingen et al. (1994a) observed that the lipids extraction of wheat autoclaved starch led to RS contents alteration. After the extraction, small amounts of lipids were present to form complexes with amylose during the gelatinization, so that high amylose contents were free to interact. This resulted in high RS contents, and one of the possible explanations for the differences found in the RS formation can be the lipids amount. For example, potatoes with low lipids amount (0.66% dry wt.) showed high RS formation after storage under -201C/30 days (117.46%). The white bread with lipids content of 2.68% (dry wt.) showed low RS formation (7.69%).
Although the formation of RS is often attributed to amylose retrogradation, retrograded amylopectin has also been shown to contribute to RS content (Eerlingen Thompson, 2000) . Whilst amylose retrogradation is a rather fast process taking place in few hours, amylopectin requires longer time (days or weeks). Amylopectin crystallites are less stable than amylose ones, and the RS from retrograded amylopectin is completely lost by heating to 1001C. Therefore, part of RS formed in the studied samples can occur due to amylopectin retrogradation. As this material is unstable, it must be considered that loss of retrograded material may be observed when food is heated.
Time and temperature of storage may influence the RS formation. Garcı´a-Alonso et al. (1999) observed a significant increase in the RS in potatoes, wheat, rice and corn stored under À201C for 16 h and under 41C for 14 days. Besides, the authors observed that the gelatinized samples should be allowed to cool at room temperature before freezing at À201C to help retrogradation of the starch gel, and drying retrograded starches should be carried out at 601C to avoid losses of retrograded samples. Thus, in the present study, the above conditions of cooling and drying were used in the sample preparation in order to avoid loss of retrograded material. Eerlingen et al. (1993) observed an increase in the RS content under different storage temperatures (0, 68 and 1001C). In an RS database, Menezes and Lajolo (2000) show differentiated RS content depending on the food and storage conditions (À20 and 51C/24 h). Bravo et al. (1998) observed a significant increase in RS quantity in legumes (moth bean, horse gram and black gram), after storage under 41C for 24 h.
Therefore, the results show that not only the high amylose concentration is closely related to the starch retrogradation and the RS formation, but also to different factors such as storage conditions and the presence of other food components. These factors might explain the diversified results found by researchers trying to correlate certain parameters such as RS, dietary fibre, amylose content, and amylose retrogradation with starch digestion. Therefore, further characterizations of starch and dietary fibre in the several ways of preparation and food storage conditions should be included in the food composition database. Table 3 shows the in vitro kinetic of starch digestion and the hydrolysis index (HI) in cooked, and cooked and stored foods under À201C/30 days. The HI expresses the digestibility of the starch in relation to a reference material, in this case, the white bread-A.
The degree of starch hydrolysis at various time points was specific for each studied food. For cooked foods, the highest HI values were observed in potatoes and cereals, and the lowest in legumes.
In relation to the effect of storage under À201C for 30 days, a significant HI reduction was observed in all studied foods. Such results might have happened due to the RS formation, leading to a reduction in the in vitro starch hydrolysis rate. Several authors observed that an in vitro starch hydrolysis decrease in stored foods occurred due to starch retrogradation during cooked samples storage (Ring et al., 1988; Eerlingen et al., 1994b) . Ring et al. (1988) observed a 68% reduction in the in vitro starch hydrolysis, after 51C/18 h storage in wheat, potato, corn and pea samples. Eerlingen et al. (1994b) observed that the starch retrogradation during 401C/48 h storage and 401C/29 days led to a decrease in the in vitro starch hydrolysis rate, when compared to the samples without storage. In parallel with this, Xue et al. (1996) observed a significant negative correlation between the amylose and the in vitro starch digestion. In the present study, a significant negative correlation was also observed between the amylose content and HI of cooked foods (y=À0.164x+ 38.411, r=0.700, Pr0.016, n=11) and cooked and stored foods under À201C/ 30 days (y=À0.167x+37. 346, r=0.674, pr0.023, n=11) , showing the amylose participation in the in vitro starch digestion.
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The in vitro starch hydrolysis of foods has been suggested by several authors (Granfeldt et al., 1992; Menezes et al., 1996; Gon˜i et al., 1997) as an important device to predict the glycemic index foods will produce in vivo.
Considering that the HI values can express the in vivo role of starchy foods, the correlation between the HI and rapidly digestible starch (RDS) was evaluated. Table 4 shows the values of RDS and slowly digestible starch (SDS) calculated from the in vitro kinetic of starch digestion in a 30-and 120-min enzymatic incubation, respectively. In all studied foods, both cooked and cooked and stored under À201C/ 30 days, a significant positive correlation between the HI and the RDS expressed in dry weight was observed (y=0.573xÀ16.671, r=0.907, Pr0.001, n=22) (Fig. 1) . The RDS, expressed as dry weight, proved to be a faster procedure to evaluate the in vitro starch digestion, only 30-min enzymatic incubation, in contrast to the 3 h for the HI. The RDS indirectly represents an alternative device to select the starchy food for a diet in which low glycemic index food are required.
On the other hand, a correlation between the HI and the RDS expressed as food as eaten was not observed. These results are due to the variability of sample solid content (Table 4 ). In foods with reduced solid content, such as polenta and potatoes, the values obtained for RDS were low, though these foods show a high HI. So, in spite of the fact that the RDS expressed as food as eaten is a practical parameter to select food for a diet , its use must be carried out carefully. 
CONCLUSIONS
In the present work, the content of different starch fractions and dietary fibre of cooked, and cooked and stored foods under À201C for 30 days has been studied. It is important to emphasize that an individual analysis for each of these carbohydrates should be elaborated and included in the food composition database, once each one plays a different physiological role in the human body.
The storage (À201C/30 days), a common procedure among the population, resulted in a significant RS formation and a significant decrease of in vitro starch digestion in the 11 studied foods, though each food showed a specific behaviour. These results showed that the RS formation in foods do not follow a specific standard profile. In fact, it is a very complex process which involves several variables simultaneously, and must be properly quantified in foods. In parallel with this, it was observed that the rapidly digestible starch (RDS), expressed as dry weight, represents a complementary and alternative device for the evaluation of starch digestion.
